Methods

Patient Population
The study protocol was approved by the Human Research Committee at the University of Michigan, and all patients gave written consent. Fifty consecutive patients with paroxysmal supraventricular tachycardia found to be due to typical atrioventricular nodal reentry were included in the study. The subjects' mean age was 47+19 years. There were 20 women and 21 men. Patients had been symptomatic for 14±16 years and had been treated with 1.2±1.2 antiarrhythmic medications before being referred for ablation. Coronary artery disease was present in eight patients (16%), and the remaining 42 patients had no known structural heart disease. Baseline Electrophysiology Study Three electrode catheters were introduced into a femoral vein and positioned in the high right atrium, right ventricular apex, and across the tricuspid annulus to record the His bundle electrogram. Techniques used for the baseline electrophysiology test have been described previously. 6 Incremental pacing and extrastimulation were performed in the right atrium and ventricle to define antegrade and retrograde atrioventricular nodal conduction and refractoriness and to confirm the presence of typical atrioventricular nodal reentry. The following criteria were sought to support the diagnosis of atrioventricular nodal reentry tachycardia: 1) discontinuous atrioventricular nodal function curves, defined as an increase in the A2H2 interval of 250 msec with a decrement in the A1A2 interval of 10 msec; 2) tachycardia induction associated with a critical degree of prolongation of the AH interval; and 3) atrial septal activation during tachycardia that was coincident with or closely (<50 msec) followed ventricular activation. In addition, ventricular premature beats introduced during His bundle refractoriness failed to advance the subsequent atrial activation during tachycardia, arguing against the presence of an extranodal accessory pathway. In some patients, sustained atrioventricular nodal reentry tachycardia could be induced only during an isoproterenol infusion at a rate of 2-4 ,ug/min. Apparatus Used for Ablation If energy had been applied to 10 sites or if the ablation session had taken more than 1 hour without success in eliminating sustained atrioventricular nodal reentry, the alternative approach to ablation then was attempted. The techniques used after crossover were the same as described above.
At the conclusion of the ablation session, incremental pacing and programmed stimulation were repeated both before and during an infusion of isoproterenol sufficient to increase the sinus rate by at least 20%.
Follow-up Evaluation
The patients underwent repeat electrophysiological testing 48 hours and 3 months after successful radiofrequency catheter ablation. As before, antegrade and retrograde atrioventricular nodal conduction and refractoriness were determined both before and during isoproterenol infusion. The inducibility of atrioventricular nodal reentry tachycardia was assessed by programmed stimulation with single and double atrial extrastimuli as well as by incremental atrial overdrive pacing.
Statistical Analysis
Patients randomly assigned to receive lesions anteriorly were compared with those who had ablative energy applied posteriorly. Continuous variables were compared using Student's t test for unpaired variables, and discrete variables were compared with x2 analysis. A value of pc0.05 was considered statistically significant. Results
Among the 50 patients with typical atrioventricular nodal reentry tachycardia enrolled in the study, 22 were randomly assigned to undergo the anterior approach, and 28 were randomly assigned to undergo the posterior approach. As seen in Table 1 
Primary Success Rates of the Two Techniques
Among the 22 patients randomly assigned to receive lesions anteriorly, 12 (55%) had a primary success, defined as elimination of sustained atrioventricular nodal reentry by 10 or fewer energy applications over less than 1 hour (Figure 2) . One patient had chest discomfort with each radiofrequency energy application. At the patient's request, the procedure was terminated and rescheduled for when general anesthetic could be administered. This patient was considered a primary failure of the anterior approach. The remaining nine patients were crossed over to the posterior approach. The 12 patients treated exclusively with anterior lesions had an ablation session (defined as the time from the conclusion of the diagnostic position of the study until the hemostatic sheaths were removed at the end of the procedure) that lasted 40±38 minutes and a mean total fluoroscopy exposure of 20±14 minutes.
Nineteen of 28 patients (68%) initially treated with posterior lesions had atrioventricular nodal reentry successfully eliminated. This primary success rate was not significantly different from that achieved with the anterior approach. Ablation session duration and fluoroscopy times also were similar (37±24 and 22±10 minutes, respectively).
Overall Outcome of the Initial Session Nine of the 22 patients randomly assigned to receive anterior lesions had persistence of atrioventricular nodal reentry tachycardia after 1 hour or 10 radiofrequency energy applications. These patients crossed over to the posterior approach, and all had a successful outcome (Figure 3) A patient randomly assigned to receive anterior lesions developed right bundle branch block because the ablation catheter inadvertently moved during an energy application. This patient went on to be successfully treated with the anterior approach without attenuation of antegrade atrioventricular conduction.
No other complications occurred. Of note was the fact that there were no complications in the 17 patients who crossed over from one approach to the other.
Electrophysiological Effects ofAnterior and Posterior Lesions
Electrophysiological effects consistent with fast atrioventricular nodal pathway ablation were found in all 12 * 6±4 RF applications * 40±38 minute ablation duration * 20±14 minute fluoroscopy exposure patients who had a primary success with the anterior approach ( Figure 4 ). This was manifest as an increase in the AH interval and elimination or attenuation of retrograde conduction. Among the eight patients who were cured with anterior lesions after attempts at the posterior approach had failed, six had electrophysiological changes consistent with fast pathway ablation, and two had electrophysiological changes consistent with slow pathway ablation as a result of anterior lesions. Slow pathway ablation was manifest as elimination of dual atrioventricular nodal physiology and elimination of atrioventricular nodal reentry tachycardia without a change in the AH interval or retrograde ventriculoatrial conduction.
Seventeen of the 19 patients who had primary success with the posterior approach had elimination or attenuation of slow atrioventricular nodal pathway function. Six of these 17 patients (35%) had persistent dual atrioventricular nodal physiology after successful ablation, and two (12%) had single atrioventricular nodal reentrant echoes. Nine patients crossed over to the posterior approach after failure of the anterior technique. Slow atrioventricular nodal pathway function was eliminated in seven of these patients, and fast pathway function was eliminated in two. The effective sites in all four patients who had elimination of fast pathway function during the posterior approach was in the midseptal region. These target sites were 0.5-1 cm from the site recording the maximal His bundle electrogram, and none had a visible His bundle potential.
The electrophysiological effects of fast and slow pathway ablations are compared in Table 2 . The AH interval after fast pathway ablation was nearly twice that after slow pathway ablation (142±56 versus 75 ± 19 msec, p<0.0001). There was no significant difference in the atrioventricular Wenckebach cycle length or the atrioventricular nodal effective refractory period between the two groups. One half of the patients had no ventriculoatrial conduction after fast pathway ablation, whereas all patients had intact retrograde conduction after slow pathway ablation. Those patients with persistent retrograde conduction after fast pathway ablation had a longer ventriculoatrial Wenckebach cycle length than slow pathway ablation patients (447±65 versus 300±32 msec, p<0.0001).
Follow-up After Atrioventricular Nodal Modification
The 50 subjects in this study have been followed for 10±2.2 months. Among the 48 patients with an initially successful outcome, 37 (77%) have had a follow-up electrophysiology test after 2.8±1.3 months. Two patients died of unrelated causes 3 and 5 months after the ablation procedure. Neither of these patients had experienced recurrent supraventricular tachycardia. The follow-up electrophysiology test documented the presence of recurrent atrioventricular nodal reentry tachycardia in five patients. Four of these patients had been randomly assigned to the anterior approach, and one was assigned to the posterior approach. The initial success was the result of fast pathway ablation in four patients, one of whom had fast pathway function eliminated with a posterior lesion. Only one patient with an initially successful slow pathway ablation had a recurrence (p=O.10).
Progressive impairment of atrioventricular conduction was not observed during follow-up. The one patient who had high-grade atrioventricular block occur after a posterior lesion was noted to have return of 1:1 atrioventricular conduction 2 months after ablation.
Discussion
Main Findings
Patients with typical atrioventricular nodal reentry tachycardia were randomly assigned to receive radiofrequency lesions anteriorly (proximal to the site of the maximal His bundle electrogram) or posteriorly (near the ostium of the coronary sinus). The results of this 
Study Limitations
The experimental protocol stipulated that each approach be used for only 1 hour or 10 radiofrequency lesions before crossover. In clinical practice, it is likely that the operator would persist for a longer period of time before changing techniques. Clearly, the primary success rates in this study underestimate what could be achieved with lengthier procedures. However, the comparison between the anterior and posterior techniques was made more sensitive by limiting the duration and number of target sites used.
Clinical Implications
The posterior approach to radiofrequency catheter modification of the atrioventricular node is as effective as the anterior approach and is associated with comparable procedure durations and fluoroscopy times. Both techniques can be used with a low risk of complications. Although there was a trend toward fewer recurrences after slow pathway ablation, this did not achieve statistical significance.
Ablation of the slow atrioventricular nodal pathway posteriorly does not produce first-degree atrioventricular block. Target sites are most often several centimeters from the distal atrioventricular node, suggesting that catheter movement during energy application may be less likely to damage the distal conduction system. Despite these potential advantages, initial outcomes and short-term follow-up show that both approaches result in stable atrioventricular conduction. Further studies will be required to assess the long-term effects of the anterior and posterior approaches to atrioventricular nodal modification.
Finally, results of this study suggest that as long as atrioventricular nodal reentry tachycardia persists, it is safe to cross over from one technique to the other. Patients with tenuous conduction in one of the two limbs of the reentrant circuit constitute an infrequent exception to this recommendation. Because of the possibility of progressive effects over hours or days, patients who have transient abolition of atrioventricular nodal reentry tachycardia should not have both fast and slow pathways targeted during the same session.
